The R/V DISCOVERER Cruise to Manus Island The BNL Portable Radiometer Package (PRP) Evaluation The PRP package is a compact low-power integration of simple sensors that measure long-and short-wave irradiance from moving platforms. A rapid rotating shadowband radiometer that is designed to provide good estimates of diffuse (sky) radiation even from moving buoys or ships was being evaluated. The PRP provided the only means of making diffuse (sky) radiation measurements from the ship. The CSP cruise provided an excellent opportunity to intercompare the PRP with other like instruments in the TWP locale. The unit was located on the starboard flying bridge which was fully exposed to direct sunlight during the ship's westward transit. When the ship was at its closest approach to Manus, the PRP was moved to the island where careful intercomparison with the Manus instrumentation was conducted. This document is a working document. The intent here is to develop a compendium of information as soon as possible after the experiment. The document will provide as much information as possible in a reasonably readable format so it can be provided to collaborative scientists, program managers, or for our use in data analysis.
Cruise Description
The ship departed Pago Pago on 15 March 1996 and sailed in a northwestward direction to the equator (Figure 1) . The table below summarizes times for the cruise. 
Portable Radiation Package -Ship Installation
The PRP was mounted in an exposed location on the starboard side of the flying bridge of the ship (Cover figure and figure 2 ). The starboard (righthand) side was selected after considering that the ship heading was either west or southwest for the first half of the cruise and the time of year was just after Spring equinox so the sun would be toward the north.
Computers were set up in an available air conditioned container, shown in figure 3 belonging to Dr. Tim Bates of PMEL. The entire installation required approximately 2 hours. The sun photometer experiment by Penn State was carried out in the same location.
A portable Macintosh computer and color printer were located in the van. Daily data collection, data review, and preliminary data analysis were carried out here.
' . The radiation head is approximately 400 mm in diameter. The location of the sensor is not desirable. There are several nearby antennas and the huge ship conning tower which can cause shadow effects or block sky radiarion. Special treatment to this problem will be necessary during data analysis. The large cannister with the Zeno data logger was located on the railing and the RSR logger was attached to the railing. The cannister is part of the ARCS equipment and is used for convenience. The can is largely empty.
The large ship's mast shown in the figure was a problem for the radiation measurements and will have to be accounted for during data analysis. Especially, it should affect the long-wave (heat) radiation measurements and as shown in section 3 below, a suspicious diurnal signal is present. Figure 4 : The PRP prototype sensor head. From left to right the sensors are the rapid rotating shadow-band radiometer, the PIR, the PSP, and the domed IRT. The Eppley radiometers are raised so all optical receptors are at the same level. This prototype unit was fabricated out of marine-grade plywood.
Daily operations. Daily operation of the PRP was minimal, in keeping with the design for an un-attended remotely operating device. Most daily activity centered around downloading files from the computers and making daily plots.
The two data loggers, the Zeno logger and the RSR logger, were downloaded daily as close to 00 UT time2 as possible.
Data were entered into an Excel spreadsheet, briefly viewed for obvious errors, then plotted for our daily records.
Almost no cleaning was required as the frequent rain kept any salt deposits washed away.
'NOTE: All times are reported and maintained in universal time (UT). The data time is maintained as a floating-point modified Jillian day (day of the year).
Manus Island Intercomparison
On 28 March 1996 (Jday SS), the PRP was removed from the ship and taken onto Manus Island for a week of intercomparison studies with the island-based instrumentation from Pennsylvania State University (PSU).
Data collection on the island started at 00 UT, 30 March and continued to the end of 4 March (Jday 95). There is one gap in this data caused by a power supply being inadvertently turned
Off.
The sensor head was mounted to an available meteorological tower at a height of approximately 8 m and well removed from any structures. The computer was set up in the ISS instrument trailer. 
Infrared Thermometer
The IRT is a standard model KT19.85 Heinman IRT with a 9.3-11.8 pm optical filter. During development of ARCS, it became evident that a standard IRT would not provide satisfactory performance in an unmanned situation. The standard IRT was modified by packaging it into a waterproof aluminum box, adapting underwater connectors, and adding a hemispherical plastic dome over the lens ( Figure 4 ). The domed-IRT is more fully described in documents in progress [4, 51.
The dome allows the IRT to function in an unmanned application. The dome will bias the temperature measurement by as much as 20°C, but as long as this can be corrected, there are definite advantages. Rain quickly sheds off the dome and measurements are available within 10 minutes after rain stops. The nondomed unit takes hours, depending on conditions for the water to evaporate off the lens. During analysis, a jump of IRT temperature to ambient temperature is a very sensitive indicator of precipitation. Normally, the lowest temperature measured by the IRT is -60°C. However, often the clear-sky or cirrus brightness temperatures are well below this threshold, rendering the instrument useless. The dome adds a small bias to the incoming weak radiation and raises the brightness temperature above the threshold.
Correction for the dome.
Previous tests and the data from this cruise will be used to establish a reasonable correction for the dome. The stated accuracy of the standard IRT is 0.5-0.9"C. A thermistor is used to measure the dome temperature in a manner similar to the PIR. Clear sky tests and comparisons with non-domed sensors are encouraging, and we have no reason to believe correction to these accuracies will not be possible.
As an indicator of cloud fraction. The IRT signal time series can be used as a statistical measure of cloud fraction, assuming advection of the cloud field. The contrast between cloud and sky on a partly cloudy day, or between clouds at different altitudes, is large at these wavelengths. Given the almost invariant temperature profiles of the T W , the IRT serves as an excellent indicator of cloud base height. 
Rapid Rotating Shadowband Radiometer
The RSR design that has been developed for the PRP has been derived from designs at S U N Y Albany Conversion to raditation units occurs at a later time. First the average and standard deviations, p and asweep, of the sweep data are computed. Next, the dip ratio is computed:
where umin is the minimum measurement in the sweep. If 7'dip > 2.6 the dip is classified as a shadow. If it is less than 2.6 the sweep has no discernible shadow.
A composite is developed by stacking all sweeps with shadows over a one-minute period. 
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This section provides information on the current raw and processed data files which were developed from the cruise.
Zen0 Data Files
The Zeno data logger was read each day near 00 UT. The file naming convention was:
PRP96j j j where : j j j i s the j u l i a n (year) day (001-366 for 1996) An example of some lines from the file generated from a Zeno x-modem download is as follows: 
RSR Data Files
The RSR data logger was read each day near 00 UT. The file naming convention was: 
Navigation Files
A set of ASCII navigation files were taken from the ship. The files provide time, position, heading, speed, course, pitch, roll, and heave from the Ashtech Inc. differential GPS system. Data are taken at approximately a 1-sec rate.
The raw navigation files are stored in a directory named "NavData." The file names correspond to the year and Julian day in the form Nav96 j j j where jjj is the J u l i a n day (075 to ???I. IRT: Infrared Thermometer. A device that measures radiation in a set bandwidth and converts the measurement to a brightness temperature equivalent to a black body. RASS: Radio Acoustic Sounding System. A means of using acoustic waves and radar to discern the virtual temperature profile in the lower atmosphere.
True course over ground (Trimble GPS
ISS: Integrated
RSR: Rotating Shadowband Radiometer. An instrument for measuring the diffuse radiation from the sky by placing an arm in front of the sun. 
A Daily Data Plots
The daily plots in this section were derived on a day-by-day basis using the Macintosh powerbook and Excel v5.0.
Three plots are shown on each page:
PSP and PIR Global Radiation. The top graph shows the one-minute averaged (onesec samples) of global downward irradiance from the Eppley instruments. These are used as standards for comparisons to the Li-Cor sensor on the RSR. These sensors have been calibrated against standards at NREL. In addition they were compared to the same sensors during the Penn State intercomparisons and were within 5 Wm-2 in all cases.
RSR Global and Shaded Irradiance.
The middle curve is a plot of one-minute averages (10 samples at 5-sec period) of the downward global irradiance and the shaded irradiance derived from the Li-Cor sensor on the RSR. The short-wave global curves on the PSP and RSR agree quite well. The calibration equation on the RSR was taken from the sensor as delivered from the factory. It is the intent to use the PSP to provide a cross-calibration for the Li-Cor in final analysis.
PIR Global and IRT Temperature.
The bottom curve is the long-wave downward irradiance measured from the Eppley PSP sensor and the radiance temperature measured by the infrared thermometer. The vertical scales are expanded to provide maximum resolution. 
